abstract BACKGROUND: Anticipatory guidance and prevention efforts to decrease poisonings in young children have historically focused on restricting access to minimize exploratory ingestions. Because infants through 6 months of age have limited mobility, such exposures are expected to be less frequent and therapeutic (or dosing) errors should be more frequent. Although recent prevention efforts target some types of therapeutic errors, the epidemiology of these exposures is not well characterized in this age group. This could have important implications for the effectiveness of current prevention efforts.
The etiology of pediatric poisonings varies by age group such that adolescent exposures are more often intentional whereas younger children and toddlers have a greater rate of unintentional exposures. 1 Because these unintentional exposures are assumed to be due to the exploratory behavior of young children, anticipatory guidance provided by pediatricians encourages parents to keep medications and chemicals inaccessible. 2 Accordingly, office-based counseling for poison prevention becomes a recommendation beginning only with "preschool-aged children" rather than infants. 3 Similarly, Bright Futures recommendations to discuss poison prevention do not begin until the 6-month visit. 4 Moreover, legislative and industry efforts have also focused on restricting access: the Poison Prevention Packaging Act of 1970 required child-resistant packaging, and other innovations have included blister packs for pills and flow-restricted bottles for liquid over-the-counter medications. 5 Studies of pediatric poisonings usually group all infants <1 year of age together. 1, [6] [7] [8] [9] However, there is a large variation in motor abilities within the first year of life. 10 An infant who is not yet sitting upright would have a limited potential for exploration compared with one who is cruising or walking. At these early ages, the expectation would be for exploratory behavior to contribute less (fewer exploratory ingestions) and medication errors by caregivers to contribute more (more therapeutic errors). Consistent with this expectation, a previous study of National Poison Data System (NPDS) data of single pharmaceutical product ingestions did show a greater frequency of "therapeutic error" versus "unintentional self-exposure" in younger ages. 9 In that study, the proportion due to therapeutic error was 29.3% in infants <1 year of age, but only 3.1% and 1.6% for infants in their second and third year of life, respectively.
Therapeutic errors can be divided into quantitative (when an incorrect amount of medication is administered) and nonquantitative dosing errors (eg, medication given twice or too soon, wrong medication given, or wrong route is used). A small retrospective study of poison center calls for infants up to 6 months of age reported 53% of the calls for this age group were due to therapeutic errors. Of these, 28% were due to an "incorrect dose" or quantitative dosing error. 11 Unfortunately, that study was limited by use of a convenience sample, a small number of cases (n = 358), and data from only a single poison control center (PCC).
Because the cause of exposures would have implications on the effectiveness of prevention efforts and appropriateness of anticipatory guidance, we performed a retrospective review of exposures reported to the NPDS in infants ≤6 months of age. We chose this age group because the average infant is unable to pull to stand or cruise until ∼8 to 9 months of age. 10 Moreover, the average 6-month-old still requires support to sit, so scooting while seated is also less likely to occur.
METHODS
The NPDS is a near real-time database containing electronic records from all US PCCs. Data were obtained on all human exposures involving patients 0 days to 6 months of age during the period of January 1, 2004, through December 31, 2013. Data were requested by the authors through their association with the American Association of Poison Control Centers. Abstracted data included patient age, gender, exposure acuity, product(s) involved, doses, reason for exposure, scenarios, route of exposure, medical acuity, signs and symptoms related to the exposure, exposure and caller site, management site, treatments, and medical outcome.
In NPDS, each call was assigned a reason for exposure: intentional, unintentional, adverse reaction, or one of several miscellaneous reasons. The default coding for all calls was general unintentional, which included exploratory ingestions (of any type of product, plant, or object), scenarios involving access (eg, sibling providing a substance to the infant or the infant being given a prescription container as a toy), as well as unintentional exposures that did not fit another specific category. Calls were categorized as therapeutic error if a medication dosing error was identified. For this study, therapeutic errors were then categorized as quantitative or nonquantitative dosing errors, or other (breastmilk exposures, drug interactions, and unknown). Because a goal of this study was to compare general unintentional and therapeutic errors, outcomes were analyzed for nonhealth care facility (HCF) exposures. Some calls had multiple error types checked so these were grouped under the most specific scenario to eliminate duplicates (eg, a call coded for both 10-fold dosing error and incorrect dose was grouped under 10-fold dosing error). Other coding scenarios are optional (accessibility, child-resistance closures, product confusion, pesticide-related, and miscellaneous) and were not analyzed. Supplemental Information provides definitions for many of the terms used in this article.
All included deaths were further analyzed by reviewing the fatality reports included in the American Association of Poison Control Centers' annual reports to determine the exposure's contribution to death. These lists contain only exposures that were "undoubtedly" or "probably" responsible for the fatality (beginning in 2006, "contributory" cases were also reported). Indirectly reported deaths refers to cases in which the PCC was notified after the death occurred (eg, by a medical examiner) but was not involved in the patient's care.
Descriptive statistics were used to report overall findings. This study was approved by the institutional review board at Banner-University Medical Center Phoenix.
RESULTS

General
Over the 10-year study period from 2004 through 2013, there were 23 900 791 total human exposure calls. Of these, 271 513 (1.1%) were for exposures in infants 6 months of age and younger. Table 1 shows basic demographic information for these infant calls. Boys accounted for approximately half (52%) of the total calls. Most exposures were acute (88.9%) and involved a single substance (97.6%). Ingestion was the most common route of exposure (83.6%). Liquid formulations accounted for the most exposures (60.8%). Although most exposures occurred in a residence (97.5%), a somewhat smaller percentage of calls originated from a residence (85.2%).
Most exposures were unintentional (96.7%), as seen in Table 2 . Of these, the 2 most frequent categories were general unintentional (50.7%), which included exploratory ingestions, and therapeutic error (36.7%). Among therapeutic errors, 47.0% involved quantitative dosing errors, whereas 42.8% involved nonquantitative dosing errors (Table 3) . Among the nonquantitative dosing errors, giving a medication twice or the wrong medication were the most common reasons.
The most common substances involved in general unintentional and therapeutic error exposures (outside of a HCF) are listed in Table 4 . Diaper care and rash products were the 3 most common causes of general unintentional exposures, whereas acetaminophen alone was the most common cause of therapeutic errors. The most common products resulting in major clinical effects were ethanol, for general unintentional, and combination cough and cold preparations for therapeutic errors (Table 5 ). Of note, ibuprofen was the sixth most common product involved in therapeutic errors and its exposure frequency increased over the study period.
Outcomes
Outcomes of general unintentional and therapeutic error calls that occurred outside of an HCF are listed in Table 6 . Most exposures (88.0%) were managed on-site and did not need referral to an HCF. There were 16 501 exposures (7.0%) where the patient had self-referred (taken by a caregiver) to an HCF (ie, management site listed as en route to or already in an HCF). Among these patients, 80.4% were released and 13.3% were admitted to the hospital (data not shown). Calls coded as "admitted to psychiatry" (n = 10) were excluded because they likely represent inaccurate coding in this age group.
In examining clinical effects, 65.8% of calls were not followed by a PCC because it was deemed a nontoxic exposure or one with minimal anticipated effect. A further 22.0% of exposures had no effect, and 0.9% of calls resulted in a moderate or severe effect, or death.
There were 73 total deaths in this infant age group. Of these, 12 were due to an out-of-hospital general unintentional exposure (3) (1), and carbon monoxide (1). An additional 7 had an unknown reason, but 3 of these were neonatal deaths (1 day old) related to methamphetamine or phencyclidine.
DISCUSSION
One of the Healthy People 2020 goals is a 10% decrease in medication overdose-related emergency department visits by children <5 years of age. 12 Although there has been a steady decline in the number of calls across all ages, US PCCs continue to receive a large number of calls for infants 6 months of age and younger. Among the calls analyzed in this study, 97.5% of the exposures occurred in the home, yet only 85.2% of calls originated from the home. This discrepancy suggests that these cases self-triaged to an HCF without calling a PCC. Of the 16 501 non-HCF general unintentional and therapeutic error exposures that self-referred to an HCF, 80.4% were released. Inevitably, some of these visits were unnecessary and may have been prevented with early PCC involvement. However, because guidelines typically do by guest on September 14, 2019 www.aappublications.org/news Downloaded from not recommend specific poison prevention education (including providing the PCC phone number) until at least 6 months of age, parents (especially first-time parents) may not be aware of PCCs. A potential intervention can be early parental education about the availability of PCCs as a resource for medical guidance, perhaps beginning at discharge from the nursery, along with frequent reinforcement.
In addition to decreasing the number of patients seeking unnecessary medical care for benign exposures, enhanced primary prevention may assist with meeting the Healthy People 2020 goal. The current study found 36.7% of calls were due to therapeutic error, somewhat greater than the 29.3% found in infants <1 year of age by Bond et al. 9 Among these, 47.0% consisted of quantitative dosing errors and 42.8% consisted of nonquantitative dosing errors. Although recent prevention efforts, such as providing appropriate-size syringes for liquid medications and standardization of measurements for liquid medications, 13 directly target some of the quantitative dosing errors, they are unlikely to prevent nonquantitative dosing errors (such as being given a medication twice).
General unintentional exposures comprised 50.7% of all calls. This category includes exploratory ingestions (of any type of product, plant, or object) as well as other scenarios involving access (eg, sibling providing a substance to the child), child-resistant closures (eg, child accessing a prescription container that was given as a toy), calls that do not fit any of the other unintentional reasons, and calls that did not change the default coding. This latter possibility of PCC specialists accepting the default of general unintentional is a potential source of misclassification. Unfortunately, it is impossible to estimate how many calls were coded this way using the high-level NPDS data and would require obtaining individual records from a PCC to compare the coding to any provided narrative entries. To the extent that stereotypical acceptance of general unintentional (ie, the default) occurs, therapeutic errors should by guest on September 14, 2019 www.aappublications.org/news Downloaded from be even more frequent than what was found in this study. Among the top substances involved in general unintentional exposures (Table 4) , many would not be affected by this type of error because they are not used therapeutically (eg, oxalate plants, foreign body/toy, pens/ inks, soaps). Although substances such as acetaminophen (#2) or combination cough/cold products (#10) could be affected by such misclassification, these substances were already among the most frequently involved in therapeutic errors, so there would be little overall effect to the list of products involved. Ultimately, these general unintentional exposures appear frequent enough in this young age group that early poison prevention education may be considered.
Of note, because exploratory ingestions are not specifically coded, it is not possible to obtain precise data on its frequency. Perhapsfuture NPDS data may offer insight into the efficacy of novel education and prevention efforts.
Several of the substances involved in general unintentional exposures (outside of an HCF) causing major effects (Table 5) were drugs of abuse, including ethanol, amphetamines, and cocaine. Despite the low prevalence, this is a concerning finding. Among therapeutic errors causing major effects, methadone was 1 of the top 5 products and was also responsible for 1 of the therapeutic error deaths. Because this is typically used as outpatient treatment to prevent opioid withdrawal in infants (whether due to neonatal abstinence syndrome or after a prolonged ICU stay during which opioids were used), it does suggest a potential danger of home use. A further observation was that ibuprofen was the sixth most common product involved in therapeutic error calls, and these exposures have been increasing. This increase is surprising given the lack of recommendations for ibuprofen in infants younger than 6 months of age. 14 Limitations for this work share the inherent flaws associated with retrospective database studies. These data depend on exposures being reported to the PCC. Because most calls originated from a non-HCF, data depended on the reliability of the caller. There was no mechanism to validate the information provided except possibly during follow-up calls to an HCF. It is apparent that inaccurate data entry by PCC staff also occurs because some calls were coded as abuse (ie, of a recreational drug) or suicide, which do not apply in this age group. However, there is no reason to believe that such errors disproportionately affect this age group. The potential of accepting default values was discussed in depth earlier. Some calls also had missing, or "unknown," data. Because the number of calls coded with "unknown" for any category was <1% (except for unknown formulation comprising 1.9% in Management site, level of care, and clinical effects are reported for each exposure that occurred outside of an HCF. Indirectly reported deaths refers to cases where the PCC was notifi ed after the death occurred (eg, by a medical examiner) but was not involved in the patient's care. Note that level of care applies only to calls that were referred to or already at an HCF. AMA, against medical advice.
